ABSTRACT: Plasma technology has some shortcomings, such as higher energy consumption and byproducts produced in the reaction process. However non-thermal plasma associated with catalyst can resolve these problems. Therefore this kind of technology was paied more and more attention to treat waste gas. A hybrid system comprising a non-thermal plasma reactor and nanometer titanium dioxide catalyst was used for benzene removal in the air. The paper described the synergistic effect of ozone and photocatalyst in the plasma reactor. Except of electric field strength, humidity and flow velocity, the synergistic behavior of ozone and photocatalyst was tested. The removal efficiency of benzene reaches nearly 99% when benzene concentration is 600 mg/m 3 , and the removal efficiency of benzene also reaches above 90% when benzene concentration is 1500 mg/m 3 . The plasma reactor packed with photocatalyst shows a better selectivity of carbon dioxide than that without photocatalyst. The final products is mostly carbon dioxide, water and a small quantity of carbon monoxide.
INTRODUCTION
Volatile organic compounds (VOCs) are triggering serious environmental problems such as stratospheric ozone depletion and photochemical smog. Although benzene is an important chemical feedstock and additive, it should be removed from exhaust gases emitted from various moving and stationary sources due to its carcinogenicities and respiratory disorders (Noel, 2000) . The traditional methods of VOCs removal such as absorption, adsorption, and incineration and so on, which were referred to the new environmental condition had many technical and economical disadvantages (Ma, 2003) . In these years, some new technologies, such as biologic process, photocatalysis process, and plasma technology, were paid more and more attention (Ogata, 1999; Futamura et al., 2004; Li et al., 1998; Magureanu, 2007; Urashima et al., 2000; Zhu et al., 2007a) . In particular, non-thermal plasma has attracted much attention as an method for VOCs control for two decades due to its unique properties such as quick response at ambient temperature, achievement of high electron energies within short residence times, system compactness, and easy operations (Muhamad, 2000; Li et al., 2006) . In order to improve the energy efficiency of the VOCs decomposition process by the plasma, the cooperation with catalyst has been tested by some researchers (Einaga et al., 2001; Guo et al., 2006; Jim, 2008; Krawczyk, 2001; Magureanu et al., 2007a and b; Ogata et al., 2003; Wallis et al., 2007; Li et al., 2007; Zhu et al., 2007b) . These studies showed that the combination of discharge plasma with catalyst is a very effective method in VOCs removal. (Wallis, 2007; Durme et al., 2007; Magureanu, 2005; Delagrange et al., 2007; Guo et al., 2007) . In this paper, the combination of nonthermal plasma was tried with nanometer titanium dioxide (TiO 2 ) photocatalyst for benzene removal, in order to further reduced the energy consumption and harmful byproducts in plasma process. Discharge plasma as a driving force of photocatalyst furnished a mess of UV light. Hole-electron pairs are produced by supplying energy larger than the band-gap energy of TiO 2 (3.2 eV for Anatase type). High-energy particles, such as electrons, excited molecules, and radicals may transfer their energy to TiO 2 by bombardment when TiO 2 is placed in a nonthermal plasma (Thevenet et al., 2007; Yoichi et al., 2008 
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This paper illuminates the experimental results of the synergistic effect of non-thermal plasma generated by dielectric barrier discharge (DBD) and TiO 2 photocatalyst on benzene decomposition.
MATERIALS AND METHODS
The reaction system was a tube-wire packed-bed reaction system at atmospheric pressure. The schematic diagram of the testing apparatus is shown in Fig. 1 . To clarify the destruction process, dry air (78 % N 2 , 21 % O 2 ) was used as a balance gas for benzene. Air supplied from the laboratory was divided into two air flows. Each flow rate was controlled with a flow meter. One air flow was introduced into 3 (VOCs bottle) which contained liquid VOCs. The air with almost saturated vapor of VOCs was mixed with the other air flow into 4 (blender) and diluted to the prescribed concentration of VOCs. A packed reactor with coaxial electrodes was designed as shown in Figs. 1 to 7. The reactor was made of 50 mm diameter ceramic tube, with an effective reactor length of 500 mm. One electrode (1.5 mm) was inside and the other electrode was wrapped around the outside and grounded (80 circles). For increasing discharge, the packed materials (Rasching ring) were packed between the two electrodes. The packed materials (5 mm i.d., 1 mm wall thick, 10 mm length) which were electrician ceramic rings, were divided into two groups, coated with photocatalyst or without photocatalyst. The characteristic of packed materials includes volume density is 217 g/cm 3 , hole rate is 12.7 % and bibulous is 5.9 %. Nano-TiO 2 thin films were prepared by the Sol-Gel method (Li et al., 1996; Liang et al., 2006) in the experiment.
Precursor solution
1 mol Tetrabutyl Titanate (Precursor Substance) + 12 mol Ethanol (Solvent) + 1.2 mol Acetyiacetone (Chelating Reagent)
Droplet solution
6 mol Ethanol (Solvent) + 1 mol HNO 3 (Catalyzer) + 2.5 mol Distilled Water Droplet solution was dropped slowly into original solution at 35 and the whole solution was mixed well together. The steady Sol would be obtained and then the Sol should be deposited at least 24 h. The packed materials must be washed by ultrasonic before they were immerged into the Sol. Later, they were pulled out from the Sol at the speed of 1.5 mm/s to get the nanometer TiO 2 film. The packed materials with nanometer film would be dryed at 80 °C for one hour before they were put into muffle to calcine at 450 °C for 2 h. At last, the film gradually refrigerated to ambient temperature. 
